The origin of the vertebral artery (VA) is a frequent site of pseudostenosis on contrast-enhanced MRA (CE-MRA). The purpose of this study is to evaluate the relationship between the motion of the aortic arch and pseudostenosis at the origin of the VA.
INTRODUCTION
www.ksmrm.org supraaortic arteries using low dose gadolinium based contrast media (15, 16) . In our institution, we have been performing low dose TR-CEMRA after CE-MRA for the evaluation of craniocervical vessels. By doing so, we have noticed a tendency of aortic arch pulsation in the TR-CEMRA in patients with pseudostenosis at the origin of the vertebral artery on CE-MRA, especially in elderly patients. The purpose of this study is to evaluate the relationship between the motion of the aortic arch and pseudostenosis at the origin of the vertebral artery. We compared CE-MRA with CT angiography (CTA) to enroll more patients. This is predicated upon high accuracy of CTA in determining the pathology of vertebral arteries (17) (18) (19) .
Patient selection
This retrospective study was approved by our Institutional Review Board, and the requirement for informed consent was waived. We used our computerized hospital information system to identify all patients who underwent CE-MRA, TR-CEMRA, and CT angiography within 40 days, during the last 3 years (between March 2009 and February 2012). Among 3719 patients, only 78 patients underwent all three, and 18 patients were excluded for an interval of more than 40 days. 13 patients who had limited scan range, severe calcification in the aortic arch, and various artifacts causing limitation for measurement of arterial diameter on MRA or CTA were also excluded. The final number of patients included were 47 (mean age 66.74 years old, 26 man and 21 woman) and the interval between MRA and CTA was 6.87 ± 9.89 days (mean intervals ± standard deviation). The reasons for MRA and CTA were brain infarction in 41 patients; TIA in four; cerebral hemorrhage in one; and for headache in one.
Imaging technique
CTAs were performed using a 64 channel multidetector row CT (Sensation 64, Siemens, Erlangen, Germany) with contrast injection of 70 mL at a rate of 4 mL/sec with a power injector (Stellant; Medrad, Pittsburg, PA, USA), followed by 50 mL of saline chaser injected at a rate of 4 mL/sec. Automatic triggering at enhancement at the bifurcation level of the common carotid artery over 70 Hounsfield unit was used to start CTA. Pre-contrast scan was obtained for subtraction of bones, and both pre-contrast and post-contrast scan were obtained ranging from the level below the aortic arch to above the circle of Willis. The scan was performed caudal to cranial direction with the following parameters: field of view, 256 × 256 mm; section thickness, 0.6 mm; imaging time, 10 seconds.
CE-MRAs were performed with 3T MRI (Verio, Siemens', Erlangen, Germany). 16 channel head and neck coil was used. CE-MRA was performed with the following parameters: repetition time, 3.24 ms; echo time, 1.23 ms; flip angle, 25� ; field of view, 352 × 218 mm; matrix, 448 × 358; voxel size after zero interpolation, 1.0 × 0.8 × 0.6 mm; number of acquisition, 1; acquisition time, 60 seconds. MR fluoroscopic triggering was used at the level of common carotid artery for proper timing of initiating CE-MRA. The centric phaseordering scheme was used for k-space filling. 0.1 mL/kg of contrast media (Gadovist [1.0 mmol/mL], Bayer, Berlin, Germany) was infused at a rate of 1.5 mL/s with power injector (Spectris Solaris; Medrad, Pittsburg, PA, USA).
TR-CEMRAs were performed with the following parameters: repetition time, 2.57 ms; echo time, 0.97 ms; flip angle, 19� ; field of view, 420 × 341 mm; matrix, 448 × 318; voxel size after zero interpolation, 1.3 × 0.9 × 1.6 mm; number of acquisition, 2; acquisition time, 202 seconds; temporal resolution, 2 seconds/phase. 2 mL of contrast media (Gadovist [1.0 mmol/mL], Bayer, Berlin, Germany) was infused at a rate of 1.5 mL/s with power injector (Spectris Solaris; Medrad, Pittsburg, PA, USA). Each bolus was immediately followed by a 25mL saline flush. The patients breathed freely during scanning.
CTA images were processed by subtraction of postcontrast CTA from pre-contrast CT and then reconstructed by maximum-intensity-projection (MIP). Lateral rotational projection images of every 10�from -90�to +90�were reconstructed and displayed on picture archiving and communicating system (PACS). MRA images were reconstructed by using the MIP algorithm and lateral rotational projections of every 10�from -90�to +90�were reconstructed and displayed on PACS.
Image analysis: Percent stenosis in CTA
Image analysis was performed using picture archiv-
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ing and communicating system (PACS). CTA was considered as the gold standard for evaluating stenosis at the origin of the vertebral artery. The MIP and lateral projection images of the CTA were used to evaluate the origin of the vertebral artery, and when the images were unclear in CTA, we interpreted with the source images and multi-planar reconstruction with proper window level and width. Percent stenosis at the origin of the vertebral artery and the diameter of normal distal vertebral artery was measured by a radiologist (S.M.K.; 4-years of experience) using NASCET criteria (20) . The degree of stenosis was classified; Normal to less than 50% stenosis, 50-99% stenosis, and occlusion.
Image analysis: Percent stenosis in CE-MRA Percent stenosis at the origin of the vertebral artery and the diameter of normal distal vertebral artery on contrast-enhanced MRA was also measured by a radiologist (S.M.K.; 4-years of experience) using NASCET criteria after 2 weeks.
The degree of stenosis was classified; Normal to less than 50% stenosis, 50-99% stenosis, and occlusion. The percent stenosis CTA and CE-MRA were compared and classified into two groups: Pseudostenosis group [50-99% stenosis was observed on CE-MRA but normal to less than 50% stenosis on CTA] and control group [All other patients without pseudostenosis].
Image analysis: Motion of aortic arch in TR-CEMRA
Motion of aortic arch was measured by another radiologist (H.S.C., 6-year experienced neuroradiologist). By reviewing the multi-phase coronal images of TR-CEMRA, the upper border of aortic arch was detected and highest position of upper border of aortic arch and lowest position of aortic arch were marked by horizontal lines. The distance between the horizontal lines (highest and lowest position of aortic arch) was considered as the degree of aortic arch motion and measured on PACS (Fig. 1) .
Statistical analysis
The accuracy of CE-MRA was obtained in each percent stenosis group, with CTA as the gold standard. Independent two sample t-test was performed with age, motion of aortic arch, and diameter of normal distal vertebral artery between the pseudostenosis group and control group. Chi-Square test was performed with sex and route of intravenous contrast media between the pseudostenosis group and control group. P-value for statistical significance was set at P < 0.05.
A total of 94 vertebral arteries (47 right vertebral arteries and 47 left vertebral arteries from 47 patients) (Fig. 2, Table 1 ). The age of pseudostenosis group was higher than that of control group, but not significantly different than true stenosis group. The motion of aortic arch of pseudostenosis group was higher than that of control group and that of true stenosis group (Table 2 ). There were no statistical difference in diameter of normal distal vertebral artery, sex, and intravenous route of contrast media Pseudostenosis at the Origin of the Vertebral Artery on Contrast-enhanced MRA � Seonmun Kim, et al. CTA has been known to be highly accurate in determining the pathology of vertebral arteries (17) (18) (19) . CTA also has better accessibility and short scanning time than MRA. However, MRA has the advantage of radiation avoidance and good soft tissue contrast, but has a tendency in overestimation of arterial stenosis (10, 13, 18) . When consideration motion artifacts, CTA is less affected by the motion of cardiac pulsation and respiration because of innate excellent temporal resolution. Recent multi-detector row CT have shorter gantry rotation time (less than 500 msec) and advanced reconstruction algorithm, being able to overcome these motion induced artifacts (21, 22) . On the other hand, CE-MRA has frequently shown pseudostenosis of vertebral artery origin because of weak spatial resolution, intravoxel dephasing, and motion artifact caused by cardiac pulsation and respiration.
RESULTS
Among suggested reasons of pseudostenosis, spatial resolution and intravoxel dephasing are MR systemdependent factors. Large voxel size relative to the diameter of vertebral artery resulted intravoxel dephasing. Partial volume effect can overestimate severe stenosis. Future advanced MR angiographic sequence is needed to minimize these MR systemdependent factors. However, motion artifact is a patient-dependent factor and inevitable. In our study, older age and more motion of aortic arch were associated with pseudostenosis. Other factors such as diameter of normal distal vertebral artery, sex, and intravenous route of contrast media were not associated with pseudostenosis. The age of pseudostenosis group was higher than that of control group (71.29 ± 8.88 versus 62.32 ± 13.19 year-old; mean±standard deviation; p = 0.019). Older patients are known to may have tortuous aortic arch and great vessels (23) . In this situation, delayed passage of contrast media along with the tortuous vascular anatomy may induce high concentration of gadolinium and cause signal loss from T2* decay. However, the age of pseudostenosis group was not significantly different than that of true stenosis group. We think that this is probably due to higher incidence of vertebral artery stenosis in older age. Motion from cardiac pulsation and respiration can affect motion of aortic arch, thus the image quality of origin of vertebral artery. Although cardiac pulsation is unavoidable, breath holding can be achieved during short scan time. CE-MRA with breath holding technique demonstrated better image quality of the aortic arch and the origin of the great vessels (24) . However, we did not use breath holding technique because we focused on higher resolution with longer scan time to increase spatial resolution. Our study protocol of TR-CEMRA was set with a low dose of gadolinium based contrast media (2 mL of Gadovist) and showed acceptable image quality (16) . There was no patient with glomerular filtration rate (GFR) of 30 mL/min or under in this study. Recent results of 3T MRA for supraaortic arteries showed acceptable imaging quality with small amounts of contrast media as low as 0.047 mmol/kg (14) . Therefore, optimization of MRA protocol with adequate usage of gadolinium based contrast media can minimize nephrotoxicity and nephrogenic systemic fibrosis. Recent advanced in non-contrast MRA for supraaortic arteries can also prevent nephrogenic systemic fibrosis (25, 26) .
Our study has a few limitations. There can be various factors associated with aortic motions: cardiac disease, hypertension, compliance, stiffness of aorta, and etc. We did not analyze them but evaluated only motion of aortic arch as the sample size was too small to evaluate other factors causing aortic motion. Secondly, we measured the aortic motion by means of distance of zaxis between the highest and lowest position of the aortic arch on coronal MR images, but the aortic arch actually moves three dimensionally not only along zaxis but also x-, and y-axis and this was not reflected. Thirdly, this study could not evaluate MR systemdependent causes of pseudostenosis at the origin of vertebral artery. Because the study design was retrospective, we could not handle acquisition parameters such as repetition time, echo time, voxel size, methods of contrast injection, and number of signal average. Further researchs involving newly developed MR angiographic sequences is needed. Finally, CTA has some limitations as a gold standard, as calcification, beam hardening artifact, and contrast in venous structure can affect interpretation of the images. To overcome this we used the source image and multiplanar reconstruction with proper window level and width when the origin of vertebral artery was not clear on MIP.
The origin of the vertebral artery is a frequent site of pseudostenosis. Older age and the motion of aortic arch are associated with pseudostenosis on CE-MRA.
